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ABSTRACT

Nonill (NT) proth coon systems, especially winter wheat (Tri,.ict.m:
as zt runs LUssrrnmer crop” allow, have increased in the central Great
Plains, hut few’ N fertility studies have heen conducted with these.
systems. Therefore, winter wheat (28) response to N fertilizadon in
two N’T dryland crop rotations, wheaocom (Zen mars 96—fallow
(WCF) and whcat—sorghnm (Sosuhum hicoior L)—fallow (W819, on
a Platner loam (fine, smecfitic, rnesc Aridic Palenstoll) was evaluated
for 9 yr. Five N rates, 0, 28, St, 84, and 112 kg N ha 9 were applied

to each rotation crop. Wheat hiomavs and grain yield response to N
fertilization varied with s’ear hut not with crop rotation, increasing
with N’ appli:cadon each year, with nsazinasm yields heing ohtained
with 84kg N ha over all years. Based on grain N removal, N fertiliz.er
me efficiency (NFUE) varied with N’ rate and year, averaging 86, 69,
56, and 46% for the 28, 56, 84, and 1.12 kg ha ‘ N’ rates, respectively.
Grain pretein increased with increasing N rate. Precipitation use et1i
ciency (PUE) increased with N addition, leveling off ahove 56 kg N’
ha ‘. A soil plus fertilizer .N’ level of 124 to 156 kg N ha was sufficient
to optimize winter wheat yields in most years in both rotations. Afpli
cation of more than 84 kg 5’ ha ‘ on this Platner loam toil, with a
gravel layer below 120 cm soil depth, would more than likely increase
the amount of NO,—N available for leaching and ground water contam
ination. Wheat growers in the central Great Plains need to apply N
to optimize dryland wheat yields and improve grain quality, lint need
to avoid over4ertilization with N to minimize NO,—N leaching po
tential,

JN ‘SitE crThrrRAt, Great Plains regiuu of t.he USA, use
,1, of reduced tillag,e au..d Ni’ system..s inere.ase.d during.
the 1990s, The.se tillage systems’ i.mprove.d the storage.
of. precipitation in the. soil profile compared ‘with me
chanical tillage systems, ahowiog inure intensive ernp
ping system...s to he develope’d (Anderson et al,, 1999;
H.alvorson a’nd Re.ule, 1994;. Halvorson et aL, 2002.;
MeGe.e. e.t aL, 1.997: Niehen et al,, 2.002: Peterson. et. al.,,
1996), The dom.inaat wh.eat.—fahosv system. of farming
is he.in, s.lowl.y replaced with more. intensive croppiu.g
sestems ‘uch os 3 yr WCF and WSF H stems 4 yr sss
tems (crop.seropserop—failosv), and annual cropping sys
tems sv’ith no fal.hw Anderson e’t aL, 1999; .H.alvors.oa
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ar.d Reule, 1994; Norwood, 20(10; Futerson. et aL, 1.91)0;
Sch.legel ci aL, 21)112).

Dhuve.tter ci aL (1996) rc’porte’.d tha.t the inure inten
si.ve c.rnpping: systems had higher proli.t potentiifi thim
wheat—fallow systems in the Great Phths. This finding
was supporte.d hy the ec.ononric an..lt.ly.’se.s oil intensive
dryland cropping syste.m.s in t.:astern Colorado (.lhaa.n et
al.., 2002) and in. southc.entral North .Dahota (DeVu.yst
and l.lalvomon, 2004). Csreater p.rof.it potential with in
etc wise oopptng intensity and N I produeucn svstums
h.aa e.nhance.d the itdoption of the.s:e. syste.ms.

Crop watr.r usr efficiency is i.mpruved with more. in
tensive cropping syste.ms (Halvorson., 1.990; Ntiehen et
al., 2.002; Ne’rwood, 1999; Parahani. ci al., 1998). Nhro’
lN ldrtiliza.tion. can improve’ w’ater use efficien.cy, hut
high. N fdrtilization. rates ca.n. result in exc.ess hiomass
p.roduction, which uses up stored sod water ne.e.ded for
g.rain production (Nielse.n and Halvorson, 1991),. The.re
fore, it is i.mport.ant to balance. N fertilization with avail’
able seasonal w ater supplies’.

.More. in..te.nsivc c.ropping syste’m sir.g NT may re
quire higher rates of N fertilizer to main.tain yield poten
tial due to increasc.d crop N’ removal as well as corripen.’
sate for N sequestration in crop residue and surface soil
due to lack of tillage. Few N fertility rate studies have
been con.ducted in the cciii tral Great Plains under NT
conditions to evaluate the respou.se of ci‘inter wheat to
N application in more ititensve NO’ croppi.n.g systems
(.H.alvorson and Reule, 1994; K..olhe.rg et al., 1996;
i’honsps.on and Wh.itney’, 1998). Flalvorson and Renle
(1.994) reported spring ha’rley, ‘iordeum vul,ga.re 1,..)
yields were optimize.d with the appllcathn. of 67 kg N
ha:: each crop year in a NT a.nn.ual. cropping: syste’m on a
96cC silt Imam (fin.e, rmectitic, mc’sic A.ridic Arttiustoll).
Th.om.psce. and Whitney (1.998) re:.ported that 67 k.g N
ha apphed to tiach crop was srtffi.c.ic.at tc’ optimi.ze
xvheat and sorghutn yi.e.lds: on a silt ioa,m. soil in .K.a.nsas.
Knlherg et a.l, (1996) reported no yield he.ntrfits to N.
applications above 84 kg N ha” ondrylan.dw .nterv.’he.at
,n AC F ad 96SF rouat’on” on two 10 ii sotls in east
era. Colorado.

i’hr’ ohjective. rsf th.h study wa.s to evaluate the: i:nfi.n’
eace of N brtilization rat.e and crop rot.ation (WCF and
96511’) on dry4aad w’inter whe.at yitfids, NFUE, PUP;
and’ residuat soil NO,—N using a NT production s.ystem
on a Plataer loatn. s.oil with a gravelly laye’r he.low the
120mm. depth.

Abbreviations: NFtJE., nitroge.n tertiliacr use etticiency: NT, no’till:
PUP, prccipita.tion use efficiency: WH.F, 54(5p,

w’heat-sorgisnnn--ta1iow.
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Table 6. Growing season prenpitafton use effidean (PUS b winter wheat each scar as a function of N fertilization fate. asefaged
over wheat—eom$allon arid nheaF-sorgbuiir—fallon rotations
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Table 1 Total soil water and NO—N at ninter wheat planting in
the $) to 12k1ern soil depth. averaged over nheatcorn4allo4
and s*heatsorghnnv-fallon rotations.

N rate. he N ha

I ear 0 25 56 54 112 1 early ale.

---------- %Oit nater. huh n— to llItrni deplhC

I 955 299a 209a 2P)a 290a 29a 209tit F

1980 292a 292a 292;i 202a 292a 292rd
t9W 2n9a 25a 25$a 251a 2n$a Zfint,
1958 299-a 259a 28(0 31St 313a lOSrd
1959 ..h4a l t ttl 1 JS t 2 )t i

19911 25Sah 26-ta 232hi 227c 253atte 237a
1991 30*a 245a 281)a 297a 292a 2N2ttc
1992 277a 298a MOe 269a 258a 284be
1993 394a 310a 293a 217a 3:1)99 299ed

Avg. 287a 285a 2S9a 283a 286a
-——-. soii Nf),—N; kg N ha • (O to 1299cm de.pth)

1985 t0at 599 Ste She She 5Oahy
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1988 49a 60th S9ah Ilk 960e 75e
1989 91a 87a 93a 83a 102a 9led
1990 92a 92a 182a1) 201a0 2670 167e
1991 59a 96:a 92a 1099 113a 92cd
19’...12 43a 53ah 770 S9ah 126c 711w
1993 65a 67a iOSah 145h 1551) 1080

Avg 64a Slab 95ah ililt 147e
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RESULTS AND I)ISCUSSION

\1tfl1tal precipitation ditnng the stud2 pertod varied
considerably wdh year (TaMe I . C\hoe a race atinual
rrecilitation occurred li I 985, I 9X7. 1 Qri(J iid 1 9)3.
about average iii I 988 and 1 992. and h low axerasu’
in I 97. I 9S9 atxl I 901 . (i1o’. inc casou ( ApriI in uc-

precipitation, however. did out follow the sane patlern
as for annual precipuat.ioa (table I). Growing seasoa
precpitatoa was bulovv the Icngteurn average in 198$,
I $$, 1$$2, and 113113, near average. in 1985, 1*17, and
I $91, and above average. in I $116 and 1988. 8oil water
in the O to 12Oea2 root z.oae at wheat planting was
prohahly 0..Car field capacity most years, with 1987 and
I$$t,) h.aving dightly lower water contents tli.aa th.e otI.er
\ rs I FaMe 2) 1 nas ge w a non gre ipu it nit and

climatic conditions, such at.:. tealrwra.tare. evapotraaspiL
r.alon.. trost, cC‘1d h au. vei’re iiht eiemeo1y o-ther thr.a
I.ertiI-.iz.•itioa. haviac the creaket mpae.t. en wheat vklcis
Ii.triar.‘ t0t :tucIv peri.od.
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tion 1. Biomass was iucruaed he N :ipplic.atiort each yca
I:uat the N rate rcsriJtig. tu niaxtnut hiOtltlsS vtr Id var-
Le S lb \__ It 0 1 uc. h I , Nt II I”

produetou oeeiiia:e.d iii I ¶186. 1 991 . aud 1$$3 with the
$4 or 11.2 kg N h..a N rates::: n.sulting in maadmum vitid.
Ia. lNf5. 1$87, and 1$88 h4‘:‘:r.aass. vie.ids were slightly
lower but were still near maximum with the two highest
N’ fates. Biomass yields tended to he lowest in 1118$, 19$O.
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Fig. 1 Tutal vieter wheaf Ineniass prodeetien each year at crop rnatts
rite tar each at’ the three cropping seqeences as a teectien ot N
tertilizer rate, avera.ged over wheat—core4allow and wheat—
iier!heel—taltew retathlnis
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evaporative. d1-•roa.tuls. and a large. numhe.r of darn:: with
high air temperatures:. yet with. 51..ig:htlv hetter than

vctage growtng ceasoa Ctp tattoo flotNr 3 o I 9t8

show ed a strong dee.lioe in winter wheat yie.lds with
daily maximum temperalures >25t hetween 21 May


